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Human Rabies Prevention - United States, 1999
Recommendations of the Advisory Committee on
Immunization Practices (ACIP)

Summary

These revised recommendations of the Advisory Committee on Immunization Practices update the previous
recommendations on rabies prevention (MMWR 1991;40{ No.RR-3} :1-14) to reflect the current status of rabies
and antirabies biologicsin the United States. This report includes new information about a human rabies vaccine
gpproved for U.S. usein 1997, recommendations regarding exposure to bats, recommendations regarding an
observation period for domestic ferrets, and changes in the loca administration of rabies immune globulin.*

INTRODUCTION

Rabiesisavird infection trangmitted in the sdiva of infected mammals. The virus enters the centra nervous system
of the hogt, causing an encephalomydlitisthat is almost always fatal. After the marked decresse of rabies cases
among domegtic animas in the United States in the 1940s and 1950s, indigenoudly acquired rabies among humans
decreased substantialy (1). In 1950, for example, 4,979 cases of rabies were reported among dogs, and 18 cases
were reported among humans. Between 1980 and 1997, 95-247 cases were reported each year among dogs, and
on average only two human cases were reported each year in which rabies was attributable to variants of the virus
associated with indigenous dogs (2). Thus, the likelihood of human exposure to arabid domestic animd in the
United States has decreased grestly. However, during the same period, 12 cases of human rabies were attributed
to variants of the rabies virus associated with dogs from outside the United States (3,4). Therefore, international
travelersto areas where caninerabiesis till endemic have an increased risk of exposure to rabies.

Rabies among wildlife -- especidly raccoons, skunks, and bats

» has become more prevaent since the 1950s, accounting for grester than 85% of al reported cases of
animd rabies every year ance 1976 (1). Rabies among wildlife occurs throughout the continental United
States, only Hawaii remains consistently rabies-free. Wildlife is the most important potentia source of
infection for both humans and domestic animas in the United States. Since 1980, atotd of 21 (58%) of the
36 human cases of rabies diagnosed in the United States have been associated with bat variants (2,5,6). In
most other countries -- including most of Asia, Africa, and Latin America -- dogs remain the mgor species
with rabies and the most common source of rabies among humans. Twelve (33%) of the 36 human rabies
deaths reported to the Centers for Disease Control and Prevention (CDC) from 1980 through 1997 appear
to have been rdated to rabid animas outside the United States (2,6).

Although rabies among humansiis rare in the United States, every year approximately 16,000-39,000 persons
receive postexposure prophylaxis (7). To appropriately manage potentia human exposures to rabies, the risk of
infection must be accurately assessed. Adminigtration of rabies postexposure prophylaxisisamedica urgency, not
amedical emergency, but decisons must not be delayed. Systemic prophylactic treatments occasondly are
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complicated by adverse reactions, but these reactions are rarely severe (8-12).

Data on the safety, immunogenicity, and efficacy of active and passive rabies immunization have come from both
human and animd studies. Although controlled human trids have not been performed, extensive field experience
from many aress of the world indicates that postexposure prophylaxis combining wound trestment, passive
immunization, and vaccination is uniformly effective when appropriately applied (13-18). However, rabies has
occasondly developed among humans when key eements of the rabies postexposure prophylaxis regimens were
omitted or incorrectly administered (see Treatment Outside the United States).

RABIES BIOLOGICS
Two types of rabiesimmunizing products are available in the United States (Table 1):

* Rabiesvaccinesinduce an active immune response that includes the production of neutraizing antibodies.
This antibody response requires gpproximately 7-10 days to develop and usudly persists for greater than or
equal to 2 years.

¢ Rabiesimmune globulin (RIG) provides arapid, passive immunity that persstsfor only a short time (hdf-life
of approximately 21 days) (19).

In dl postexposure prophylaxis regimens, except for persons previoudy immunized, both products should be used
concurrently.

Vaccines Licensed for Use in the United States

Four formulations of three inactivated rabies vaccines are currently licensed for preexposure and postexposure
prophylaxisin the United States (Table 1). When used asindicated, al three types of rabies vaccines are
consdered equally safe and efficacious. The potency of one doseis greater than or equd to 2.5 internationd units
(IU) per 1.0 mL of rabies virus antigen, which is the World Hedlth Organization recommended standard (20). A
full 1.0-mL dose can be used for both preexposure and postexposure prophylaxis. However, only the Imovax
Rabies|.D. vaccine (human diploid cel vaccine {HDCV?}) has been eva uated and approved by the Food and
Drug Adminigtration (FDA) for the intradermal dose and route for preexposure vaccination (21-24). Therefore,
rabies vaccine adsorbed (RVA) and purified chick embryo cdl vaccine (PCEC) should not be used intradermaly.
Usudly, an immunization seriesis initiated and completed with one vaccine product. No clinica sudies have been
conducted that document a change in efficacy or the frequency of adverse reactions when the series is completed
with a second vaccine product.

Human Diploid Cdl Vaccine (HDCV)

HDCV is prepared from the Pitman-Moore strain of rabies virus grown on MRC-5 human diploid cdll culture,
concentrated by ultrafiltration, and inactivated with beta-propiolactone (16). It is supplied in two forms:

* Intramuscular (IM) adminigtration, a sSingle-dose via containing lyophilized vaccine thet is recondtituted in
the via with the accompanying diluent to afind volume of 1.0 mL just before administration.

¢ Intradermd (ID) adminigtration, a Sngle-dose syringe containing lyophilized vaccine that is recondtituted in
the syringe to afind volume of 0.1 mL just before adminigtration (25).

Rabies Vaccine Adsorbed (RVA)

RVA was developed and is currently manufactured and distributed in the Sate of Michigan by BioPort
Corporation. The vaccine is prepared from the Kisding strain of Challenge Virus Standard (CV'S) rabies virus
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adapted to fetal rhesus lung diploid cdll culture (26-31). The vaccine virusis inactivated with betgpropiolactone
and concentrated by adsorption to duminum phosphate. Because RVA is adsorbed to duminum phosphate, it is
liquid rather than lyophilized. It is approved for IM adminigtration only asa 1.0-mL dose.

Purified Chick Embryo Cdl Vaccine (PCEC)

PCEC became available in the United States in autumn 1997 (32). It is prepared from the fixed rabies virus strain
Hury LEP grown in primary cultures of chicken fibroblasts. The virusis inactivated with betapropiol actone and
further processed by zond centrifugation in a sucrose dengity gradient. It isformulated for IM adminigtration only.
PCEC isavailable in asingle-dose vid containing lyophilized vaccine that is recondituted in the vid with the
accompanying diluent to afind volume of 1.0 mL just before adminigtration.

Rabies Immune Globulin Licensed for Use in the United States

The two RIG products, BayRabTM and Imogam Rabies-HT (Table 1), are an antirabiesimmunoglobulin (1gG)
preparation concentrated by cold ethanaol fractionation from plasma of hyperimmunized human donors. Rabies
neutralizing antibody, standardized a a concentration of 150 1U per mL, is supplied in 2-mL (300 I1U) viasfor
pediatric use and 10-mL (1,500 1U) vids for adult use; the recommended dose is 20 1U/kg body weight. Both
RIG preparations are congdered equally efficacious when used as described in this report (see Trestment of
Wounds and Immunization).

PRIMARY OR PREEXPOSURE VACCINATION

Preexposure vaccination should be offered to personsin high-risk groups, such as veterinarians, anima handlers,
and certain laboratory workers. Preexposure vaccination aso should be considered for other persons whose
activities bring them into frequent contact with rabies virus or potentidly rabid bats, raccoons, skunks, cats, dogs,
or other species at risk for having rabies. In addition, internationa travelers might be candidates for preexposure
vaccindion if they are likely to come in contact with animas in areas where dog rabies is enzootic and immediate
access to appropriate medica care, including biologics, might be limited. Routine preexposure prophylaxis for
other dtuations might not be indicated (33,34).

Preexposure prophylaxisis administered for several reasons. Firgt, athough pre-exposure vaccination does not
eliminate the need for additiond therapy after arabies exposure, it amplifies therapy by eiminating the need for
RIG and decreasing the number of doses of vaccine needed -- apoint of particular importance for persons at high
risk for being exposed to rabies in areas where immunizing products might not be available or where they might be
at high risk for adverse reactions. Second, pre- exposure prophylaxis might protect persons whose postexposure
therapy isdelayed. Finaly, it might provide protection to persons at risk for ingpparent exposures to rabies.

Intramuscular Primary Vaccination

Three 1.0-mL injections of HDCV, RVA, or PCEC should be administered intramuscularly (deltoid areg) -- one
injection per day on days 0, 7, and 21 or 28 (Table 2). In astudy in the United States, greater than 1,000 persons
received HDCV according to this regimen. Antibody was found in serum samples of al subjects when tested by
the rapid fluorescent focus inhibition test (RFFIT). Studies with other products have produced comparable results
(21,35-39).

Intraderma Primary Vaccination

A regimen of three 0.1-mL ID doses of HDCV, one each on days 0, 7, and 21 or 28, is also used for
preexposure vaccination (Table 2) asan dternative to the 1.0-mL IM regimen for rabies preexposure prophylaxis
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with HDCV (8,21,22,24,35-37,40). A single dose of lyophilized HDCV (Imovax Rabies|.D.) isavailable
prepackaged for recondtitution in the syringe just before adminigtration. The syringe is designed to deliver 0.1 mL
of HDCV reliably and has been gpproved by the FDA since 1986 (25). The 0.1-mL ID doses, administered in the
area over the ddtoid (latera aspect of the upper am) on days 0O, 7, and 21 or 28, are used for primary
preexposure vaccination. One 0.1-mL ID dose is used for routine preexposure booster vaccination (Table 2).
The 1.0-mL via is not gpproved for multidose ID use. RVA and PCEC are not gpproved for and should not be
administered intradermaly (26).

When chloroquine phosphate was used routinely for maaria prophylaxis, investigators discovered thet the drug
decreased the antibody response to concomitantly administered HDCV (41). Although interference with the
immune response to rabies vaccine by other antimdarias structurdly related to chloroquine (e.g., mefloquine) has
not been evauated, precautions for persons receiving these drugs should be followed. Accordingly, HDCV should
not be administered intradermdly to a person traveling to maaria-endemic countries while the person is recaiving
one of these antimalarids (42). The IM adminigtration of three doses of 1.0 mL of vaccine for preexposure
prophylaxis provides a sufficient margin of safety in this situation (42). For persons who will be recelving both
rabies preexposure prophylaxis and antimalarid chemoprophylaxis in preparation for travel to a rabies-enzootic
areg, the ID regimen should beinitiated at least 1 month before travel to alow for completion of the full three-dose
vaccine series before antimaarid prophylaxis begins. If this schedule is not possible, the IM regimen should be
used.

Preexposure Booster Doses of Vaccine

Persons who work with rabies virus in research laboratories or vaccine production facilities (continuous risk
category (Table 3) {43}) are at the highest risk for ingpparent exposures. Such persons should have a serum
sample tested for rabies antibody every 6 months. Booster doses (IM or ID (Table_2)) of vaccine should be
adminigtered to maintain a serum titer corresponding to at least complete neutrdization a a 1:5 serum dilution by
the RFFIT. The frequent-risk category includes other laboratory workers (e.g., those performing rabies diagnogtic
testing), spelunkers, veterinarians and staff, and animd-control and wildlife officersin areas where animal rabiesis
enzootic. Personsin this group should have a serum sample tested for rabies antibody every 2 years, if thetiter is
less than complete neutraization at a 1.5 serum dilution by the RFH T, the person aso should recelve asingle
boogter dose of vaccine. Veterinarians, veterinary students, and animal-control and wildlife officers working in
aress with low rabies rates (infrequent exposure group) and at-risk international travelers do not require routine
preexposure booster doses of vaccine after completion of primary preexposure vaccination.

Postexposure Therapy for Previoudy Vaccinated Persons

If exposed to rabies, previoudy vaccinated persons should receive two IM doses (1.0 mL each) of vaccine, one
immediately and one 3 days later. Previoudy vaccinated persons are those who have received one of the
recommended preexposure or postexposure regimens of HDCV, RVA, or PCEC, or those who received another
vaccine and had a documented rabies antibodly titer. RIG is unnecessary and should not be administered to these
persons because an anamnestic response will follow the adminigtration of a booster regardless of the prebooster

antibody titer (44).
Preexposure Vaccination and Serologic Testing

Because the antibody response has been satisfactory after these recommended preexposure prophylaxis vaccine
regimens, routine serologic testing to confirm seroconversion is not necessary except for persons suspected of
being immunosuppressed. Patients who are immunosuppressed by disease or medications should postpone
preexposure vaccinations and consder avoiding activities for which rabies preexposure prophylaxis isindicated.
When that is not possible, immunosuppressed persons who are at risk for exposure to rabies should be vaccinated
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and their antibody titers checked. In these cases, failures to seroconvert after the third dose should be managed in
conaultation with gppropriate public hedth officids.

POSTEXPOSURE PROPHY LAXIS Rationale for Treatment

Adminigration of rabies postexposure prophylaxisisamedica urgency, not amedica emergency. Physicians
should evauate each possible exposure to rabies and, if necessary, consult with loca or state public hedth officids
regarding the need for rabies prophylaxis (Table_4). In the United States, the following factors should be
consdered before specific antirabies postexposure prophylaxisis initiated.

Types of Exposure

Rabies is transmitted only when the virus is introduced into bite wounds or open cutsin skin or onto mucous

membranes. If no exposure has occurred (i.e., no bite or nonbite exposure), postexposure prophylaxisis not
necessary. The likelihood of rabies infection varies with the nature and extent of exposure. Two categories of
exposure -- bite and nonbite -- should be considered.

Bite

Any penetration of the skin by teeth condtitutes a bite exposure. All bites, regardless of location, represent a
potentia risk of rabies trangmisson. Bites by some animals, such as bats, can inflict minor injury and thus be
undetected (45).

Nonbite

Nonbite exposures from terrestrid animals rarely cause rabies. However, occasiona reports of transmission by
nonbite exposure suggest that such exposures congtitute sufficient reason to consider postexposure prophylaxis
(46). The nonbite exposures of highest risk appear to be among persons exposed to large amounts of aerosolized
rabies virus and surgica recipients of corneas transplanted from patients who died of rabies. Two cases of rabies
have been attributed to probable aerosol exposuresin laboratories, and two cases of rabies have been attributed
to possible airborne exposures in caves containing millions of free-tailed bats (Tadarida brasliends) in the
Southwest (47-51).

The contamination of open wounds, abrasions, mucous membranes, or theoreticaly, scratches, with sdivaor other
potentialy infectious materia (such as neurd tissue) from arabid anima aso congtitutes a nonbite exposure. Other
contact by itself, such as petting arabid anima and contact with blood, urine, or feces (e.g., guano) of arabid
animal, does not congtitute an exposure and is not an indication for prophylaxis. Because the rabies virusis
inactivated by desccation and ultraviolet irradiation, in generd, if the materid containing the virusis dry, the virus
can be congdered noninfectious.

Human-to-Human Transmission

Human-to-human transmission has occurred among eight recipients of transplanted corness. Investigations
revealed each of the donors had died of an illness compatible with or proven to be rabies (52-58). The eight cases
occurred in five countries: Thailand (two cases), India (two cases), Iran (two cases), the United States (one case),
and France (one case). Stringent guiddines for acceptance of donor corneas have been implemented to reduce this
rsk.

Apart from corned transplants, bite and nonbite exposures inflicted by infected humans could theoreticaly transmit
rabies, but no laboratory-diagnosed cases occurring under such Situations have been documented (59). Two
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nonlaboratory-confirmed cases of human-to-human rabies transmisson in Ethiopia have been described (60). The
reported route of exposure in both cases was direct sdivary contact from another human (abite and a kiss).
Routine ddlivery of hedth care to a patient with rabiesis not an indication for postexposure prophylaxis unless
exposure of mucous membranes or honintact skin to potentialy infectious body fluids has occurred. Adherence to
standard precautions as outlined by the Hospitd Infection Control Practices Advisory Committee will minimize the
risk of exposure (61).

Animd Rabies Epidemiology and Evauation of Involved Species Bats

Rabid bats have been documented in the 49 continenta states, and bats are increasingly implicated as important
wildlife reservoirs for variants of rabies virus tranamitted to humans (1). Recent epidemiologic data suggest that
transmission of rabies virus can occur from minor, seemingly unimportant, or unrecognized bites from bats
(5,6,62). The limited injury inflicted by a bat bite (in contrast to lesions caused by terrestrid carnivores) and an
often inaccurate recdl of the exact exposure history might limit the ability of hedlth-care providers to determine the
risk of rabies resulting from an encounter with a bat (45). Human and domestic anima contact with bats should be
minimized, and bats should never be handled by untrained and unvaccinated persons or be kept as pets (6,63).

Indl instances of potentia human exposures involving bats, the bat in question should be safely collected, if
possible, and submitted for rabies diagnosis. Rabies postexposure prophylaxis is recommended for dl persons
with bite, scratch, or mucous membrane exposure to abat, unless the bat is available for testing and is negative for
evidence of rabies. Postexposure prophylaxis might be appropriate even if abite, scratch, or mucous membrane
exposure is not gpparent when there is reasonable probability that such exposure might have occurred.

On the bagis of the available but sometimes conflicting information from the 21 bat-associated cases of human
rabies reported since 1980, in 1-2 cases, a bite was reported; in 10-12 cases, apparent contact occurred but no
bite was detected; and in 7-10 cases, no exposure to bats was reported, but an undetected or unreported bat bite
remains the mogt plausible hypothesis. Clugtering of bat-associated human cases within the same household has
never been reported.

Consequently, postexposure prophylaxis should be considered when direct contact between a human and a bat
has occurred, unless the exposed person can be certain a bite, scratch, or mucous membrane exposure did not
occur. In ingancesin which abat is found indoors and there is no higtory of bat-human contact, the likely
effectiveness of postexposure prophylaxis must be balanced againgt the low risk such exposures appear to

present. In this setting, postexposure prophylaxis can be considered for persons who were in the same room asthe
bat and who might be unaware that a bite or direct contact had occurred (e.g., a deeping person awakensto find
abat in the room or an adult witnesses a bat in the room with a previoudy unattended child, mentaly disabled
person, or intoxicated person) and rabies cannot be ruled out by testing the bat. Postexposure prophylaxis would
not be warranted for other household members.

Wild Terrestriad Carnivores

Raccoons, skunks, foxes, and coyotes are the terrestrial animals most often infected with rabies. All bites by such
wildlife must be consdered possible exposures to the rabies virus. Postexposure prophylaxis should be initiated as
soon as possible after patients are exposed to wildlife unless the animal has aready been tested and shown not to
be rabid. If postexposure prophylaxis has been initiated and subsequent immunofluorescence testing shows that the
exposing anima was not rabid, postexposure prophylaxis can be discontinued.

Signs of rabies among wildlife cannot be interpreted reliably; therefore, any such animad that exposes aperson
should be euthanized at once (without unnecessary damage to the head) and the brain should be submitted for
rabiestesting (64). If the results of testing are negative by immunofluorescence, the saliva can be assumed to
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contain no virus, and the person bitten does not require postexposure prophylaxis.
Other Wild Animals

Smadl rodents (e.g., squirrels, hamsters, guinea pigs, gerbils, chipmunks, rats, and mice) and lagomorphs (including
rabbits and hares) are dmost never found to be infected with rabies and have not been known to tranamit rabies to
humans. From 1990 through 1996, in areas of the country where raccoon rabies was enzoaotic, woodchucks
accounted for 93% of the 371 cases of rabies among rodents reported to CDC (1,65,66). In dl casesinvolving
rodents, the Sate or local hedth department should be consulted before a decison is made to initiate antirabies

postexposure prophylaxis (67).

The offspring of wild animals crossbred to domestic dogs and cats (wild anima hybrids) are consdered wild
animals by the Nationd Association of State and Public Hedth Veterinarians (NASPHV) and the Council of State
and Territorid Epidemiologists (CSTE). Because the period of rabies virus shedding in these animasis unknown,
these animal's should be euthanized and tested rather than confined and observed when they bite humans. Wild
animas and wild anima hybrids should not be kept as pets (63). Animas maintained in United States Department
of Agriculture- licensed research facilities or accredited zoologica parks should be evaduated on a case-by-case
basis.

Domestic Dogs, Cats, and Ferrets

The likelihood of rabiesin adomegtic animd varies by region; hence, the need for postexpasure prophylaxis dso
varies. In the continental United States, rabies among dogs is reported most commonly aong the United
States-Mexico border and sporadicaly in areas of the United States with enzootic wildlife rabies. During most of
the 1990s, more cats than dogs were reported rabid in the United States. The mgjority of these cases were
associated with the epizootic of rabies among raccoons in the eastern United States. The large number of
rabies-infected cats might be attributed to fewer cat vaccination laws, fewer leash laws, and the roaming habits of
cas. In many developing countries, dogs are the mgor vector of rabies; exposures to dogs in such countries
represent an increased risk of rabies trangmission.

On the basis of new information regarding rabies pathogenesis and viral shedding patternsin ferrets, ferrets are
now considered in this category with dogs and cats rather than aswild terrestriad carnivores (68). A hedthy
domestic dog, cat, or ferret that bites a person may be confined and observed for 10 days. Any illnessin the
anima during confinement or before release should be evauated by a veterinarian and reported immediately to the
loca public hedth department. If Sgns suggestive of rabies develop, the anima should be euthanized and its head
removed and shipped, under refrigeration, for examination by a qudified |aboratory. If the biting animad is stray or
unwanted, it should either be observed for 10 days or be euthanized immediately and submitted for rabies
examination (63).

Circumgtances of Biting Incident and Vaccination Status of Exposing Animd

An unprovoked attack by an animal is more likdly than a provoked attack to indicate that the animd israbid. Bites
inflicted on a person attempting to feed or handle an apparently hedlthy anima should generdly be regarded as
provoked. A currently vaccinated dog, cat, or ferret is unlikely to become infected with rabies (68-71).

Treatment of Wounds and Immunization

The essentia components of rabies postexposure prophylaxis are wound treatment and, for previoudy

unvaccinated persons, the adminigtration of both RIG and vaccine (Table 5{72}). Persons who have been bitten
by animals suspected or proven to be rabid should begin postexposure prophylaxis immediately. Incubation
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periods of greater than 1 year have been reported in humans (73). Thus, when a documented or likely exposure
has occurred, postexposure prophylaxis isindicated regardless of the length of the delay, provided the clinica Sgns
of rabies are not present.

In 1977, the World Hedlth Organization recommended a regimen of RIG and six doses of HDCV over a 90-day
period. This recommendation was based on studies in Germany and Iran (14,18). When used thisway, the
vaccine was found to be safe and effective in protecting persons bitten by animas proven to be rabid and induced
an excdlent antibody response in dl recipients (14). Studies conducted in the United States by CDC have
documented that a regimen of one dose of RIG and five doses of HDCV over a 28-day period was safe and
induced an excdlent antibody responsein dl recipients (13). Clinicd tridswith RVA and PCEC have
demongtrated immunogenicity equivaent to that of HDCV (26,74).

Treatment of Wounds

Immediate and thorough washing of dl bite wounds and scratches with soap and water and a virucidd agent such
as a povidone-iodine solution irrigation are important measures for preventing rabies (72). In sudies of animas,
thorough wound cleansing aone without other postexpasure prophylaxis has been shown to reduce markedly the
likelihood of rabies (75,76). Tetanus prophylaxis and measures to control bacteria infection also should be
administered as indicated (77). The decision to suture large wounds should take into account cosmetic factors and
the potentid for bacterid infections.

Immunization

Pogtexposure antirabies vaccination should always include administration of both passve antibody and vaccine,
with the exception of persons who have previoudy received complete vaccination regimens (preexposure or
postexposure) with a cal culture vaccine or persons who have been vaccinated with other types of vaccines and
have had documented rabies antibody titers. These persons should receive only vaccine (see Postexposure
Thergpy for Previoudy Vaccinated Persons). The combination of RIG and vaccine is recommended for both bite
and nonbite exposures (see Rationde for Treatment), regardless of the interva between exposure and initiation of
trestment.

Rabies Immune Globulin Use. RIG is administered only once (i.e,, a the beginning of antirabies prophylaxis) to
previoudy unvaccinated persons to provide immediate antibodies until the patient respondsto HDCV, RVA, or
PCEC by actively producing antibodies. If RIG was not administered when vaccination was begun, it can be
adminigtered through the seventh day after the adminigtration of the first dose of vaccine (78). Beyond the seventh
day, RIG isnot indicated since an antibody response to cdll culture vaccine is presumed to have occurred.
Because RIG can partially suppress active production of antibody, no more than the recommended dose should
be administered (79). The recommended dose of human RIG is 20 1U/kg body weight. Thisformulais gpplicable
to dl age groups, including children. If anatomicaly feasble, the full dose of RIG should be thoroughly infiltrated in
the area around and into the wounds. Any remaining volume should be injected intramuscularly at a Ste digtant
from vaccine adminigration. This change in the recommendations for RIG adminigtration is based on reports of
rare failures of postexposure prophylaxis when smadler amounts of RIG were infiltrated at the exposure sites (80).
RIG should never be administered in the same syringe or in the same anatomica Ste as vaccine.

Vaccine Use. Three rabies vaccines are currently available in the United States (Table_1); any one of the three
can be adminigtered in conjunction with RIG at the beginning of postexposure therapy. A regimen of five 1-mL
doses of HDCV, RVA, or PCEC should be administered intramuscularly. The first dose of the five-dose course
should be administered as soon as possible after exposure. Additiona doses should be administered on days 3, 7,
14, and 28 after the first vaccination. For adults, the vaccination should dways be administered IM in the deltoid
area. For children, the anterolateral aspect of the thigh is dso acceptable. The gluted area should never be used
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for HDCV, RVA, or PCEC injections because administration of HDCV in this arearesults in lower neutrdizing
antibody titers (81).

Treatment Outsde the United States

U.S. citizenswho are exposed to rabies while traveling outside the United States in countries where rabiesis
enzootic might sometimes receive postexposure therapy with regimens or biologics that are not used in the United
States (Table 6). Thisinformation is provided to familiarize physcians with some of the regimens used more
widdly abroad. The regimens described in the references in this report have not been submitted for approva by the
FDA for use in the United States (82-93). If postexposure prophylaxisis begun outside the United States using
one of these regimens or biologics of nerve tissue origin, it might be necessary to provide additiona therapy when
the patient reaches the United States. State or local health departments should be contacted for specific advicein
such cases. If titers are obtained, specimens collected 2-4 weeks after preexposure or postexposure prophylaxis
should completdy neutrdize chdlenge virus a a 1.5 serum dilution by the RFFIT.

Purified equine rabies immune globulin (ERIG) has been used effectively in developing countries where RIG might
not have been available. The incidence of adverse reactions has been low (0.8%-6.0%), and most of those that
occurred were minor (94-96). In addition, unpurified antirabies serum of equine origin might sill be used in some
countries where neither RIG nor ERIG are available. The use of this antirabies serum is associated with higher
rates of serious adverse reactions, including anaphylaxis (97).

Although no postexposure vaccine failures have occurred in the United States since cell culture vaccines have been
routinely used, failures have occurred abroad when some deviation was made from the recommended
postexposure treatment protocol or when less than the currently recommended amount of antirabies serawas
administered (80,98-100). Specificaly, patients who contracted rabies after postexposure prophylaxis did not
have their wounds cleansed with sogp and water, did not receive their rabies vaccine injections in the deltoid area
(i.e,, vaccine was administered in the gluted area), or did not receive RIG around the wound Site.

VACCINATION AND SEROLOGIC TESTING Serologic Response Shortly After Vaccination

All persons tested during several CDC studies 2-4 weeks after completion of preexposure and postexposure
rabies prophylaxis in accordance with ACIP guiddines have demonstrated an antibody response to rabies
(13,38,101,102). Therefore, serum samples from patients completing preexposure or postexposure prophylaxis
do not need to be tested to document seroconversion unless the person isimmunosuppressed (see Precautions
and Contraindications). If titers are obtained, specimens collected 2-4 weeks after preexposure or postexposure
prophylaxis should completdly neutrdize chalenge virus a a 1.5 serum dilution by the RFFIT. In animd studies,
neutralizing antibody titers have been shown to be imperfect markers of protection. Antibody titers will vary with
time since the last vaccination. Differences among laboratories that test blood samples dso can influence the
results.

Cdl culture vaccines have been used effectively with RIG or ERIG worldwide to treat persons bitten by various
rabid animals (13,14). Worldwide, the World Hedlth Organization estimates that 10-12 million persons are Sarted
on postexposure therapy annualy (74). An estimated 16,000-39,000 persons in the United States receive afulll
postexposure course with HDCV each year (7). When postexposure prophylaxis has been properly administered,
no treatment failures have occurred in the United States.

Serologic Response and Preexposure Booster Doses of Vaccine

Although antibody levels do not define a person's immune status, they are amarker of continuing immune response
(203). To ensure the continuity of an immune response, titers should be checked periodicaly, with booster doses
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adminigtered as needed. Two years after primary preexposure vaccinaion, a 1:5 serum dilution will neutrdize
chalenge virus completely (by the RFFIT) among 93%-98% of persons who received the three-dose preexposure
seriesintramuscularly and 83%-95% of persons who received the three-dose seriesintradermally (104). If the titer
fals below the minimum acceptable antibody level, a preexposure booster dose of vaccine is recommended for a
person at continuous or frequent risk for exposure to rabies (Table_3). The following guidelines are recommended
for determining when serum testing should be performed after primary preexposure vaccination:

* A person in the continuous-risk category (Table _3) should have a serum sample tested for rabies antibody
every 6 months (43).

* A person in the frequent-risk category (Table_3) should have a serum sample tested for rabies antibody
every 2 years (105).

State or local hedlth departments can provide the names and addresses of |aboratories performing rabies serologic
testing.

ADVERSE REACTIONSHDCV, RVA, and PCEC

Reactions after vaccination with HDCV, RVA, and PCEC are less serious and |ess common than with previoudy
available vaccines (74,106,107). In previous sudieswith HDCV, locd reactions (e.g., pain, erythema, and
swdling or itching at the injection site) have been reported among 30%-74% of recipients (108). Systemic
reactions (e.g., headache, nausea, abdomina pain, muscle aches, and dizziness) have been reported among
5%-40% of recipients. Three cases of neurologic illness resembling Guillain-Barre syndrome that resolved without
sequelae in 12 weeks have been reported (8,109,110). In addition, other central and periphera nervous system
disorders have been temporaly associated with HDCV vaccine, but a causal relationship has not been established
in these rare reports (111).

An immune complex-like reaction occurred among approximately 6% of persons who received booster doses of
HDCV 2-21 days after administration of the booster dose (9,10). The patients developed generdized urticaria,
sometimes accompanied by arthragia, arthritis, angioedema, nausea, vomiting, fever, and malaise. In no cases have
these reactions been life-threatening. This reaction occurred less frequently among persons receiving primary
vaccination. The reactions have been associated with the presence of betapropiolactone-atered human abuminin
the HDCV and the development of immunoglobulin E (IgE) antibodies to this dlergen (112-114).

Rabies Immune Globulin (Human)

Loca pain and low-grade fever might follow receipt of RIG. Although not reported specificdly for RIG,
angioneuratic edema, nephrotic syndrome, and anaphylaxis have been reported after injection of immune globulin
(1G), aproduct smilar in biochemical compaosition but without antirabies activity. These reactions occur So rarely
that a causal relationship between 1G and these reactions has not been established.

Both formulations of RIG, BayRabTM and Imogam Rabies-HT, undergo multiple vira clearance procedures
during preparaion. Thereis no evidence that any viruses have ever been transmitted by commercidly avalable
RIG in the United States.

Vaccines and Immune Globulins Used in Other Countries

Many developing countries use inactivated nerve tissue vaccines made from the brains of adult animas or suckling
mice. Nerve tissue vaccine (NTV) is reported to induce neuroparaytic reactions among approximately 1 per 200
to 1 per 2,000 persons vaccinated; suckling mouse brain vaccine (SMBV) causes reactionsin gpproximately 1
per 8,000 persons vaccinated (15,115). The vaccinesHDCV, PCEC, PDEV, and purified vero cdl rabies
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vaccine (PVRV) (Table 6) are cell culture-derived and not of nerve tissue origin. In addition, unpurified antirabies
serum of equine origin might till be used in some countries where neither RIG nor ERIG are avalable. The use of
this antirabies serum is associated with higher rates of serious adverse reactions, including angphylaxis.

Management of Adverse Reactions

Once initiated, rabies prophylaxis should not be interrupted or discontinued because of locd or mild systemic
adverse reactions to rabies vaccine. Usudly, such reactions can be successfully managed with antiinflammatory and
antipyretic agents, such as ibuprofen or acetaminophen.

When a person with a history of serious hypersenstivity to rabies vaccine must be revaccinated, antihistamines can
be administered. Epinephrine should be readily available to counteract anaphylactic reactions, and the person
should be observed carefully immediately after vaccination.

Although serious systemic, angphylactic, or neuroparaytic reactions are rare during and after the administration of
rabies vaccines, such reactions pose a serious dilemmafor the patient and the attending physician (9). A patient's
risk of acquiring rabies must be carefully considered before deciding to discontinue vaccination. Advice and
assistance on the management of serious adverse reactions for persons receiving rabies vaccines may be sought
from the state health department or CDC.

All serious systemic, neuroparaytic, or anaphylactic reactions should be reported to the Vaccine Adverse Event
Reporting System (VAERS) via a 24-hour toll-free telephone number ({ 800} 822-7967).

PRECAUTIONS AND CONTRAINDICATIONS Immunosuppression

Corticogteroids, other immunosuppressive agents, antimalarids, and immunosuppressive illnesses can interfere with
the development of active immunity after vaccination (41,116). For persons with immunosuppression, preexposure
prophylaxis should be administered with the awareness that the immune response might be inadequate (see
Primary or Preexposure Vaccination). Patients who are immunosuppressed by disease or medications should
postpone preexposure vaccinations and condder avoiding activities for which rabies preexposure prophylaxisis
indicated. When this course is not possible, immunosuppressed persons who are at risk for rabies should be
vaccinated by the IM route and their antibodly titers checked. Failure to seroconvert after the third dose should be
managed in consultation with appropriate public hedth officids (see Preexposure Vaccinaion and Serologic
Tedting).

Immunosuppressive agents should not be administered during postexposure thergpy unless essentid for the
treatment of other conditions. When postexposure prophylaxis is administered to an immunosuppressed person, it
is epecidly important that a serum sample be tested for rabies antibody to ensure that an acceptable antibody
response has devel oped.

Pregnancy
Because of the potential consequences of inadequately treated rabies exposure, and because there is no indication
that feta abnormadities have been associated with rabies vaccination, pregnancy is not consdered a

contraindication to postexposure prophylaxis (117,118). If the risk of exposure to rabies is substantid,
preexposure prophylaxis might aso be indicated during pregnancy.

Allergies
Persons who have a history of serious hypersensitivity to rabies vaccine should be revaccinated with caution (see
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TABLE 1. Rabi es bi ol ogi cs

-- United States, 1999

Human rabi es vacci ne

Product name

Manuf act ur er

Human di ploid cel |l vaccine
(HCQY)
I nt ranuscul ar

I nt rader nal

Rabi es vacci ne adsor bed

(RVA)

I nt ranuscul ar

Purified chick enbryo cell

vacci ne (PCEC)

I nt ranuscul ar

I novax Rabi es

I movax Rabies |.D.

Rabi es Vacci ne

Adsor bed (RVA)

RabAver t

Past eur - Meri ux Serum et Vaccins,
Connaught Laboratories, Inc.

Phone: (800) VACOINE (822- 2463)

Bi oPort Cor poration

Phone: (517) 335-8120

Chiron Corporation

Phone: CH RON8 (800) 244-7668

Rabi es i mmune globulin (R G

| mogam Rabi es- HT

BayRab

Past eur - Meri eux Serum et Vacci ns,
Connaught Laboratories, Inc.

Phone: (800) VACC NE (822- 2463)

Bayer Corporation Pharnaceutical Dv.

Phone: (800) 288-8370
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TABLE 2. Rabi es preexposure prophyl axi s schedul e

-- United States, 1999
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Primary I nt ranuscul ar
I nt r ader nal
Boost er I nt ranuscul ar

HDCV, PCEC, or RVA, 1.0 nL (deltoid area),

one each on days 0, * 7, and 21 or 28

HDCV; 0.1 ni, one each on days 0, * 7, and

21 or 28

HDCV, PCEC, or RVA, 1.0 nL (deltoid area),

day 0* only

I nt rader nal

HDCV, 0.1 ni, day O* only

HDCv=human di pl oi d cel | vaccine; PCEC=purified chick enbryo cell vaccine; RVA=rabies

vacci ne adsor bed.

* Day O is the day the first dose of vaccine is adm nistered.
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TABLE 3. Rabi es preexposure prophylaxis guide -- United States, 1999

R sk category

Nature of risk

Typi cal popul ati ons

Cont i nuous

Frequent

Infrequent (greater than popul ation at |arge)

Virus present continuously often in high
concentrations. Specific exposures likely to go

unrecogni zed. Bite, nonbite, or aerosol exposure.

Exposure usual |y epi sodic,w th source
recogni zed, but exposure al so nmight be

unrecogni zed. Bite, nonbite, or aerosol exposure.

Exposure nearly al ways episodic wth source

recogni zed. Bite or nonbite exposure.

Rabi es research | aboratory worker

production workers.

Rabi es di agnostic |ab
wor ker s, *spel unker s, vet eri nari an:

control and wildlife workers in1

Veterinarians and ani mal -control
inareas with lowrabies rates.
Travel ers visiting areas where r:

i mredi ate access to appropriate 1
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biologics is limted.

Rare (popul ation at |arge) Exposure al ways epi sodi ¢ with source recogni zed. U S popul ation at large,includit
Bite or nonbite exposure. epi zooti ¢ areas.
* Judgnent of relative risk and extra nonitoring of vaccination status of |aboratory workers is the responsibility of the |aboratory super

+ M ni mum acceptabl e antibody |evel is conplete virus neutralization at a 1:5 serumdilution by the rapid fluorescent focus inhibition tes
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TABLE 4. Rabi es postexposure prophylaxis guide -- United States, 1999

Ani mal type Eval uati on and di sposition of aninal Post exposur e prophyl axi s recomendat
Dogs, cats, and ferrets Heal thy and avail able for 10 days observation Persons shoul d not begi n prophyl axi ¢
Rabi d or suspected rabid Unknown (e.g., escaped) devel ops clinical signs of rabies.*

vaccinate. Consult public health of

Skunks, raccoons, foxes and nost ot her Regarded as rabid unl ess ani nal proven negative by Consider inmrediate vaccination.
carnivores; bats | aboratory tests+

Li vest ock, smal | rodents, | agonor phs (rabbits Consi der individually. Consult public health officials. Bit
and hares), large rodents (woodchucks and squirrels, hansters, guinea
beavers), and other mammal s pi gs, gerbi | s, chi pnunks, rats, m ce, ot

rodents, rabbits, and hares al nost ney
antirabi es postexposure prophyl axis.
* During the 10-day observation period, begi n postexposure prophylaxis at the first sign of
rabies in a dog, cat, or ferret that has bitten soneone. If the aninal exhibits clinical signs of

rabies, it should be euthanized i nmedi ately and tested.

+

The ani mal shoul d be euthani zed and tested as soon as possible. Holding for observation is
not reconmended. Discontinue vaccine if inmunofluorescence test results of the animal are

negati ve.
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TABLE 5. Rabi es postexposure prophyl axis schedule -- United States, 1999

Vacci nation status Tr eat nent Regi nen*

Not previously vaccinated Wund cl eansi ng Al postexposure treatnent shoul d begin with
i mredi ate thorough cl eansing of all wounds with
soap and water. If available,a virucidal agent
such as a povi done-i odi ne sol ution shoul d be used

toirrigate the wounds (72 ).

R G Admi ni ster 20 | U kg body weight. If anatomically
feasible, the full dose should be infiltrated
around the wounds(s) and any renai ni ng vol ume
shoul d be administered IMat an anatonical site
distant fromvaccine admnistration. Also,RG
shoul d not be adninistered in the sane syringe as
vacci ne. Because RIG night partially suppress
active production of antibody,no nmore than the

recomended dose shoul d be given.

Vacci ne HDCV, RVA, or PCEC 1.0 ni, I M (deltoid areat+), one
each on days 0& 3,7, 14, and 28.
Previously vacci nated@ Wund cl eansi ng Al postexposure treatment shoul d begin with
i mredi ate thorough cl eansing of all wounds with
soap and water. If available,a virucidal agent
such as a povi done-i odi ne sol uti on shoul d be used

toirrigate the wounds (72 ).

R G R G shoul d not be adnini stered.

Vacci ne HDCV, RVA, or PCEC 1.0 ni, I M (deltoid areat), one

each on days 0& and 3.

HDCv=human di pl oi d cel | vaccine; PCEC=purified chick enbryo cell vaccine; R G-rabies i mune

gl obul i n; RVA=rabi es vacci ne adsorbed; |M intramuscul ar.
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* These regi mens are applicable for all age groups, including children.

+ The deltoid area is the only acceptable site of vaccination for adults and ol der children. For
younger children, the outer aspect of the thigh may be used. Vaccine should never be adm n-istered
in the gluteal area.

& Day O is the day the first dose of vaccine is adm nistered.

@Any person with a history of preexposure vaccination with HOCV, RVA or PCEC prior postex-posure
prophylaxis with HDCV, RVA, or PCEC or previous vaccination with any other type of

rabi es vaccine and a docunented history of antibody response to the prior vaccination.
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TABLE 6. Cell culture rabies vaccines widely available outside the United States

Purified chick enbryo cell vaccine (PCEC Rabi pur

Purified vero cell rabies vaccine (PVRV) Ver or ab

I novax - Rabies vero

TRC Ver or ab
Human diploid cell vaccine (HDCQV) Rabi vac
Purified duck enbryo vacci ne (PDEV) Lyssavac N
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